AD-A174 7280  STAGED INDUCTWE PULSE GENERRTO& MITH | CRPRCITIVE
CURRENT SOURCECU) NAVAL RESEARCH LRB HSSHINGTON oC
D ET AL 24 OCT 86 NRL-MR-58
UNCLRSSIFIED F/G 18/2




e

o

l"r:l: " I' L= E Hg '
[} g'i .2

K g2g
RO
ik I

“lg
e

w e |

I

FFEEEER

—
.
—
Fr

r

Fr

5

&ZRGCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-4
.H.;

o Vi la?at At 2878 %)% "2t ...( "" -‘.q
- A A N RS
S
ot “-o"a n"’t"‘*"’""“ R "' "-:.«..'. R o '2' g R R .
‘I". “g A ‘\ < o fatag! K ﬂ' K s' 50 i 0‘ "'" Sl0 by — .




Naval Research Laboratory

Washington, DC 20376-5000 NRL Memorandum Report 6862 October 24, 1986

Staged Inductive Pulse Generator 22
with Capacitive Current Source '

AD-A174 720

sy,
R. D. FORD, J. K. BURTON,* R. J. COMMISs0, G. COOPERSTEIN, ::%. f
J. M. GROSSMANN, D. J. JENKINS, W. H. LUPTON, J. M. NERI, A
P. F. OTTINGER, AND J. D. SHIPMAN, JR.* o
S
Plasma Technology Branch -
Plasma Physics Division ‘-.-»
ey
*Sachs/Freeman Associates kg *f {
Landover, MD 20785 oY
=" o]
'i‘l‘i;:'.

..;-.
vl e
S

e al

5
-
5

¢
!

RPN A
“ % l.r _'r;-"
AP

P “r v ¥y

"
-~

This research was supported by the Defense Nuclear Agency under Subtask T99QAXLB, work
unit 00023 and work unit title "Advanced Technology Development" and the Office of Naval
Research.

14

+
R A s
,

. ..'
:' ‘:';;5{‘
r"n“
Gt

IR

Tt FICE COPY

]
’I
3

2 TC
:’h?’ 2L ECTE
"o DEC4 1986

J;r.
L4
hlafars

1
&
o~

Approved for public release; distribution unlimited. m

86 /2 0¥ 003

.-. -, -'_.._
'.J.\".\' AR

_‘A u ‘:& ‘& L‘\ 5N ..\' .'h). "a i AAJLX m&{l’:&ﬁ' "';LZ.:.\‘- ;. .\}




and R T bk e dhh i de e do e AR —a bt sasbe Bl AR dBa S 2%, Ao Ala dice Af. Ao Aleaohio S by it k. Al Alo-gh - a)_ . ad 3 -ap. -}

SECURITY CLASSIFICATION OF IS PAGE 4 h- "] /]‘/ 7){!

REPORT DOCUMENTATION PAGE

Ta REPORT SECURITY CLASSIFICATION Tb RESTRICTIVE MARKINGS
UNCLASSIFIED

22 SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT

2b DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for public release; distribution unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

NRL Memorandum Report 5852

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL [ 7a. NAME OF MONITORING ORGANIZATION
{If applicable)
Naval Research Laboratory Code 4770
6c. ADDRESS (City, State, and ZIP Code) 7b ADDRESS {City, State, and 2IP Code)

Washington, DC 20375-5000

Ba. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL [ 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (f applicable)
Defense Nuclear Agency
8¢c. ADDRESS (City, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK mé%gs'%a:‘n o
. ELEMENT NO. | NO. NO. A NO.
Washington, DC 20305 °
62715H DN880-159

11 TITLE (Include Securnity Classification)

Staged Inductive Pulse Generator with Capacitive Current Source
12. PERSONAL AuTHOR(S) Ford, R. D., Burton, J. K.,* Commisso, R. J., Cooperstein, G., Grossmann, J. M.,

Jenkins, D. J., Lupton, W. H., Neri, J. M., Ottinger. P. F. and Shipmanp.J. D . Jr.*
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [1S. PAGE COUNT
Interim FROM TO 1986 October 24 25 ‘
16. SUPPLEMENTARY NOTATION |
*Sachs/Freeman Associates, Landover, MD 20785 (Continues) 1
17. COSATI CODES .18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Inductive store - Fuse opening switches
Pulsedpower generator ’ ﬁt) .

19. ABSTRACT (Continue on reverse if necessary and identify by block number) /

" A pulse generator for testing fast opening, vacuum switches that uses vacuum inductive energy storage
with an economical capacitor bank current source and copper-wire fuses for the first stage opening switch is
now operational. Initial, low level tests with a self-closing output switch result in an output pulse current of ‘
450 kA and risetime of 0.6 us.

)

Id s !
/ ‘ ‘ 1
- - 1
20. DISTRIGUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
R unclassiFieorunNumiTed [ SAME AS RPT. O oric useRrs UNCLASSIFIED
22a NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
R. D. Ford (202) 767-2724 Code 4770
DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolets.




SECURITY CLASSIFICATION OF THIS PAGE

16. SUPPLEMENTARY NOTATION (Continued)

ot This research was supported by the Defense Nuclear Agency under Subtask T99QAXLB, work unit 00023 and
.:ﬂ work unit title “Advanced Technology Development” and the Office of Naval Research.

-

™

5 L A

. -
-’
e

. . SECURITY CLASSIFICATION OF THIS PAGE

-t

A,

i

- -

i
3 NS

EDONY I W e h s s e e
B O e e

X

{“'\ % "
SR



S < 2 B o
<
%
g
5
(/)]
T
o
=
(2]
=¢]
wn
=
3
o
-
(]

e ELECTE e |
.;.l' DEC4 1985

MU
g.'.' aey B
‘l'.. MK

.:‘f A N

,‘.'! B :A’ Vo '

J ; wys gu c vy . -f\-{- -'-J‘J. ' R rA e — . 5 - » W " 1 0% o P ‘\.(\'r-}nﬁ RS N
. o DA TR TR RS Nt - ‘.'-( &, Vo
WAy Ny gadet \ i J\'P\'

)
P 0,
A A SIS AR AN AT A 4 1A G i A% V' . ‘l.'.l.t 3.5 NS, \ LA 3 §.590,



:;1:£ STAGED INDUCTIVE PULSE GENERATOR
t'::l
A, I. INTRODUCTION

e WITH CAPACITIVE CURRENT SOURCE i
!

A pulse generator, Pawn, employing inductive energy storage
has been assembled at the Naval Research Laboratory (NRL) using

newly developed high energy density capacitors! as the primary

energy store. These capacitors energize a vacuum coaxial inductor

;wg and wire fuses provide the first stage of pulse compression. The
%%E capacitor bank! for primary energy storage (1 MJ at 44 kV) is one
B of several identical banks designed and fabricated at Maxwell

ﬁ? Laboratories, Inc.(MLI&, San Diego. The nominal 20-us current

-Ei pulse available from the discharge of this bank serves to energize
ior the storage inductance. Pulse compression is obtained, in stages,
;£ by the opening of circuits with increasingly fast switches. The
A Pawn module provides a test facility for development of the fast,
32 vacuum switches and related technology necessary for the

;&: development of'high energy inductive storage pulses. 1In parallel
ﬁ?. with this effort, a proof of principle system utilizing 6 parallel
;5$ modules coupled to a common load through separate vacuum coaxial
{wﬂ inductors and pulse compression stages (CHECMATE) is being

2‘ assembled at MLI.? The initial goal of both systems is to

iq' demonstrate the feasibility of using relatively inexpensive, high
ol energy capacitor technology to generate multi-megampere current

ﬁ. pulses of = 100-ns duration. Results obtained from these systenms
ii. may ultimately be used in the design of a =220~MJ, =20TW pulser

- facility to be located at NRL.

'.E:E. Manuscript approved August 13, 1986.

:E;E:: 1

“J':o

‘4

l“ QT e ,‘,,., , et 4 T A T LA
TN, .0 2 NPT " 4T aT N LR

' ] L) {3 o, ~

) RS "" - "“‘g' ‘* & 'i‘!"“"‘-’ At .‘1*@ “i"" s “""'0 “i. ..... ?‘:'..'o‘z‘ n‘ 'l"' K ‘.‘ g ' " W .‘ .‘:"'«,u'l :'a . t‘-‘o‘.' s, 5. ] :'6‘ ‘q"




Section II of this paper describes the design, operation, and
initial results of Pawn. 1Its performance is illustrated by the

time~dependent currents and fuse voltage obtained during

preliminary tests with half of the capacitor bank charged to 23 kvV.
These preliminary tests used a self-closing output switch and
resulted in peak output current of 450 kA with 0.6-uys risetime.
Successful operation of this pulse generator greatly depends on the
performance of the fuse opening switch and the vacuum flashover
output switch. Sections III and IV briefly discuss the development
of these two components, respectively (CF Ref. 3 for more complete
details). Conclusions are given in Section V.

II. PULSE GENERATOR

A. Svstem Description

The system components are identified in Fig. 1. The puise
generator comprises a l4-ft high capacitor array; a vacuum coaxial
inductor attached to the capacitor. bank via parallel transmission
plates and a high current, low voltage, vacuum feedthrough; a fuse
array containea within an enclosure; a vacuum flashover output
switch; and a test load. The capacitor bank! is divided into four
sub-modules, each containing five, 52-yF capacitors rigidly
connected in parallel in a low inductance configuration. Each
submodule is connected to the common transmission line in series
with a protective, stainless-steel, 14-mQ resistor and a high
enerqgy, pressurized, railgap switch. The low voltage. vacuum
feedthrough resembles a capacitor header and was designed by MLI.
The coaxial, energy storage inductor is made of aluminum pipe with
welded flanges and connects to a load coupling tee. This tee
section provides mounting surfaces for connecting two coaxial fuse

enclosures (up and down) and a coaxial load and output switch
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o assembly. The fuse enclosures are made of polyurethane. They must
5; provide for insulation of any high voltages present and contain

%; space for the fuse wires immersed in a tamping medium of either
:] water or pressurized gas. Along with the output switch the load

; assembly as shown in FPig. 1 contains an electrolyic resistor used
{? as a dummy load during testing of the pulse generator. 1In future
pulse compression experiments this load will be replaced by

fﬂ experimental opening switch stages and an active load.

Q; B. _Electrical Circuit and Operation i
ks A schematic diagram of the equivalent electrical circuit for
é; this pulse generator is shown in Fig. 2. The total bank

25 capacitance, represented by C, is 1026 yF. The series resistance,
3 R, = 4.7 mQ, comprises the internal resistance of the capacitors

ﬁ and railgap switches (S,), the parallel safety resistors, and the
%; skin resistance of the conductors associated with the transmission
}ﬁ plate and coaxial inductor. The internal inductance of the bank,
5: Lyy+ including switches and transmission plates, is estimated to be
g 40 nH. The calculated inductance of the coaxial storage inductor,
i- Lerope 18 70 nHE. The parallel leg of the circuit represents the

'&‘ fuse assembly with inductance L, and a variable ;esistor R, (t)

i' symbolizing the time-dependent resistance of the fuses. The

§¥ calculated inductance for the single fuse assembly shown in Fig. 1
;y is 70 nH. This value would be cut in half by connection of

5? another, identical fuse assembly in the space provided below the

L§ tee section.

: In operation the capacitor bank is initially charged to a ‘
:: voltage in the 20-kV to 44-kV range. When it is discharged by

? closure of the railgap switches it produces a quasi-sinusodial
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pulse of current, I,(t), in the storage inductor and fuse array.
‘ Prior to each shot, the number of fuse wires to be installed is
Ay selected so that the fuses will open just after the inductor is

fully energized.* The important current density data needed to

ﬁ make this selection were obtained by scale model measurements.
]
fg These measurements, briefly described in Sec. III, also provide

data needed to choose the proper fuse length for a short opening
time. Just before the fuses open, the series switch, shown as 5,

in Fig. 2, is closed. The voltage pulse resulting from the

"
o S

increasing fuse resistance will then commutate current from the

) fuse into the output leg of the circuit. This output leg is shown

in the circuit as an inductance L, in series with an arbitrary

A X N AT,

element representing some fast opening switch device to be studied

or a dummy load.

2R e

C. Testing and Performance

The capacitor bank and switches were operated at 40 kV (800-
kJ stored energy) with no inductive store or fuse section and
delivered 1.7 MA into a resistive load both at MLI and after
shipment and reassembly at NRL. The performance of the vacuum
inductor and tee section was tested by replacing the fuses with a
K 5-m@, high-current resistor and discharging the capacitor bank at
R 34 kV to provide a 1.5-MA current pulse. The triggered vacuum

closing switch (S, in Fig. 2), described in Sec. IV, is still under

i development. The performance of the pulse generator with a

~3 preliminary version of the switch operated in the self-closing mode
‘ is illustrated by the current and voltage waveforms of Fig. 3.

g This data was obtained using only half of the capacitor bank

charged to 23 kv, one fuse package, a 35-nH output inductance, and

a 30-m@ resistive load in place of the next stage opening switch of

v
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i, SELF-TRIGGERED VACUUM FLASHOVER SWITCH
A Vo= 23KV (HALF BANK)
% LOAD =30mQ,= 35nH
f.a
200 T T |
ot (OF)USE currENT _FUSE, VOLTAGE (180KkV)
3 2160 (700kA) - 700 _
,' L] - <
- = 600 x
) g 120+ ~500%
; 3 ~ao00 ¥
d S 8o} &
o l(# —1300 2
' > aof 720w
~ 100 a
; % 5 10 15 °
TIME (us)
200 i T T 1 300
W (b) ]
:, P FUSE VOLTAGE : 800
) f ke g
4 W LOAD CURRENT 100 £
& L -
ad < 40 /" (as0kA) 4500 &
o 3 —4400 &
] > 80 - )
o " 4300 &
) 7)) — o
o > 40 5 200 -
L 4100 S
; o) L ‘ o
j 14 15 [2) 17 8
é TIME (us)
: Fig. 3 — Data obtained from a low power. half bank shot using a 30-mQ dummy ioad and a self-
1" ) closing output switch. The fuse current. fuse voltage and load current are shown. Note that the time
scale on the lower graph is expanded and begins 14 us into the discharge.
'. A
N
B
0
g
1
i L
"

“’ A ‘ r W v ’
o)
l.' 't’ USSR OO -*.‘n‘ N \'":“ '«‘ M, e ! '0'. l‘o‘l"

Wy o " e 1 ‘r ) ” wc""\,,‘.*\.* n AR 1.-1,-\\ %

' ‘ I e
R 'y‘ 1t ‘."’. s I U "‘ X | e"‘q.l Wi ;'i ¥ n .' D

l .‘l "
pY

..C; - W h:‘l



gy e

+ J"'-"'J" SN A eV A I R e® )

Fig. 2. The fuse consisted of 50 parallel, #27 copper wires, each
26-cm long. The time-dependent load current shown on an expanded
time scale in the lower portion of figure has a 10-90 risetime of
0.6 vus. This represents a pulse compression ratio (energizing time
for inductor with no fuse/risetime of current into load) of = 30.
The voltage gain, defined as the ratio of initial capacitor

charging voltage to peak voltage across the fuse, is 7.

III. FUSE SWITCH

A. Fuse Development Measurements

The first requirement of the fuse is that it conduct during
the interval required for the capacitor bank to fully energize the
inductor. This interval is approximately equal to the guarter
period of the undamped LC circuit involved. This gquarter period
may be expressed as T/4 = (n,2)CV,/1 where C and V, are the bank
capacity and charge voltage and I is the peak current. For a
desired peak current of 3 MA, the capacitor bank regquires a switch
conduction time of 20 us. With the current specified, the
conduction time ¢of a Zfuse, often referred to as its time-to-
explosion, is determined primarily by its cross sectional area.*
Thus, the fuse cross section must be selected to give a time~to-
explosion of approximately 20 us when driven by a nearly sinusoidal
current pulse.'

The fuse data needed for design of this stage switch were
obtained in a small Fuse Test Facility (FTF). Arrays of parallel
copper wires were exploded using a 3-kJ capacitor discharge circuit
with a 20-uys quarter period and the current adjusted to produce a
20-ys time-~to-explosion. With the same current density, smaller
diameter wires were found to open more rapidly. A wire size of #27

AWG (36l-ym diameter) was finally selected because it appeared to
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provide adequately short opening time without being unmanageably
fragile. For details of this work, as well as the other fuse work
briefly described here, see Ref. 3.

An idealized concept of a fuse acting as a circuit-opening

switch requires that the electrical circuit supply just enough

energy to turn it into a highly resistive vapor. 1If the dissipated
energy density is too small, the fuse is not completely vaporized.
If the energy density is too large, it may become ionized. 1In
either case the fuse resistance remains small enough that the
circuit is not effectively opened.? The optimum energy density for
these fuses were determined by exploding wires of various lengths
in the FTF using a constant-energy test circuit. This effectively
varied the final energy density delivered to the fuse while keeping
its time-to-explosion constant. From these tests the optimum fuse
was selected as being the one generating the highest voltage upon
opening. (This corresponds to the shortest opening time.) For
this optimum fuse, the scaled energy density (i.e., energy density
caliculated as if the wire length and cross sectional area maintain
their room temperature values) was found to be 4.5 x 10!° J/m?.

B. Circuit Element Representation

For design and optimization of the inductive pulse generator,
the analysis of its electrical circuit must include the non-linear,
time-dependent resistance of the fuse.® Since the energy
dissipated in a resistive circuit element is easily calculated, a
simple relationship between energy density and resistivity would be
a valuable aid for predicting values of fuse resistance.
Unfortunately such a relationship cannot be provided in general
because during the explosive vaporization of the fuse its

resistance is also influenced by the accompanying time dependent
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processes of pressure increase and expansion of the conducting
channel. However, for this pulse generator, it is desirable to
operate with the optimum fuse having a particular final energy
density of 4.5 x 10!° J/m3. A representation of scaled resistivity
as a function of scaled energy density was formulated from the
electrical measurements for that particular case.? When this model
of energy-dependent resistivity is used in numerical circuit
analyses with fuse dimensions or circuit parameters adjusted to
result in a final energy density of 4.5 x 101° J/m®, the calculated
currents and voltages should agree with those observed in the
operation of a <circuit employing the optimum fuse.

This model was used to analyze the data displayed in
Fig. 3. The results of this analysis are shown in Fig. 4. The
calculated and measured output current waveforms agree as asser+ed
in the previous paragraph. The value of the parameters used in the
analysis are listed in Fig. 4. It was assumed that the vacuum
flashover switch closed when 20 kV was across it, compared with the
measured value.of 23 kv,

C. Late-Time Voltage Recoverv

When this generator is later used with fast opening, vacuum
switches and high impedance loads, the high voltage appearing at
the load places an additional requirement on the fuse. Not only
must it open quickly, it must withstand a subsequent high voltage
pulse without reclosing. This problem is presently being addressed
by experiments in the FTF using a small capacitor discharge circuit
(set for a 20-uys time-to-explosion) to which is added, in parallel
with the fuse, a closing switch and another, faster fuse stage.?
When the first fuse begins to open the switch closes and the

circuit current is commutated into the second fuse. After some
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T T 1 r LR L I VT T l L LI L ] LR
B CALCULATED FUSE CURRENT 7
_ SHOT *12 -
- HALF BANK _
SELF-TRIGGERED
0.4— —
‘é‘ - Ve=22.6kV -
-~ N Ls=|50l'|H=LBK("75)*L0(~75) »
'E Le=70nH
L&J — RL= 30m8 -
=> — QUTPUT -
0.2 p— CALCULATED -
OUTPUT
~ CURRENT N
O 4 1 1 1 ”e b e 1 1 1 J -
15.0 15.5 16.0 16.5 (7.0 17.5
TIME (us)

Fig. 4 — Analysis of the shot illustrated in Fig. 3 using the time dependent
fuse resistivity modei obtained from the FTF

11

AR o SR e e e e



ket

D

rrr3

"
-

time delay, determined by the diameter of the second fuse, this

second fuse explodes generating a voltage pulse across the parallel
first fuse. 1In this way the influence of various surrounding
media, delay time, and geometry on the hold off capability of the
first fuse are studied. These experiments are not complete (CF
Ref. 3). However, initial results with the fuse wires surrounded
by high pressure gas indicate that the first fuse can withstand up
to 25 kV/cm when the voltage pulse generated by the second fuse is
applied 1-2 us after the first fuse explodes.

IV. VACUUM FLASHOVER SWITCH

A closing switch (shown as S, in Fig. 2) is required to
isolate the subsequent switching and load stages from the long,
low-level voltage pulse present while the inductor is being
energized. This switch must operate in vacuum, remain open during
the long voltage pulses, and close upon command at a voltage of 20
kV to 50 kV when the fuse begins to close. The jitter in closure
time should be less than 100 ns, particularly when used in the
multi-module configuration. Pfurther, since the switch must carry
currents of 2 MA, the discharge should envelop the entire switch
perimeter to avoid localized damage.

A vacuum insulator flashover switch was considered for this
requirement based on vacuum flashover tests and ultra-violet (uv)
stimulated breakdown tests.® An experimental study of switch
performance is'pe:mitted by a switch-test configuration constructed
within an easily demountable vacuum chamber. This configquration is
essentially a conical frustum of insulator held between a pair of
plane, parallel, circular electrodes. Sinusoidal voltage pulses

are applied to the electrodes by a triggered, LC voltage doubling

12
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circuit. The switch insulation may be illuminated radially or
axially by small trigger elements that produce both plasma and uv.
Each of these trigger sources is a 2-mm long surface discharge
driven by a 0.3-us risetime current pulse from a 0.5-u4F, 2-kV
capacitor. These sources may be pulsed repeatedly (a few hundred
shots) without significant erosion of the surface or electrodes.
For details of the work described below see Ref. 3.

A. Self Break Testing

The test fixture was used to evaluate the insulator surface
breakdown behavior (self-break) at voltages to 100 kv and with
risetimes between 1 us and 30 uys. It was found that cast
polyurethane was superior to both lucite and high density
peclvethylene for repeated breakdowns. The upper portion of the
curve in Fig. 5 shows the range cf breakdown voltage obtained Zfor
this material with 6.35-mm gap and 45° angle.® This scatter
suggests that command triggering is essential for predictable
operation of a switch.

8. Triggered Operation

Tests were conducted using single and multiple trigger
sources of uv and plasma positioned within the vacuum envelope.
First, with the source positioned radially with respect to the
conical insulator, the separation between the insulator surface and
source was varied from 0.5 cm to 12 cm. Although a small delay was
introduced with increased distance, the jitter in switch closure
remained less than 100 ns, provided the applied voltage exceeded
50% of self-break voltage and the insulator surface was directly
illuminated by the source. When the triggering source was removed
from line of sight of the insulator, the switch continued to close,

but with delays of 5 us to 20 ys and unacceptable jitter.
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AFTER 10 SHOTS

< |0 SHOTS (NEW INSULATOR)

o
O

]

VOLTAGE
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INSULATOR\ .~
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[
o

! TRIGGER SOURCE

SWITCH FLASHOVER VOLTAGE (KV)
o

]
10 5 20
TRIGGER DELAY (us)

NORMAL (=) POLARITY TRIGGERED
FLASHOVER PERFORMANCE FOR
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Fig. 5§ — Tests results for self-break and triggered operation of a 6.35-mm flashover switch gap using
a polyurethane insulator having preferred polarity and 45° cone angie (CF Refs. 3 and 6)
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%3 In other tests the trigger source was allowed axial line of
133 sight illumination of the insulator surface through a small hole in
ﬁq the switch electrode. For this configuration, triggering at

various times during the rise of voltage across the 6.35-mm switch

OISR

gap produced results shown by the curve of Fig. 5. Switch jiﬁter ;

N Nl Al

is less than 100 ns when applied voltage exceeds 50% of self-break.

Reliable triggering occurs at voltages lower than 50% of self- g

e i
g& i break, but both delay and jitter become severe. For example, the ?
%& \ dotted arrow originating at the 5 ys marker indicates that,
i although the trigger pulse occurred at 5 us (approximately 6 kV
ﬁi across the switch), closure occurred after a 2-us delay, with a
Eg jitter of 1 ws.
)
" finally, and most importantly, results of open-shutter
{i} photography suggest that for both self-break and triggering, switch
:E; closure occurs at discrete points rather than as a diffuse
" discharge. For self-break and single trigger source closings, only
’&5 one current channel was seen. In the case of multiple trigger
‘ 5 sources, each source appears to initiate its own channel.
oy Because of delays in packaging the trigger source, the system
ﬁ, test illustrated in Fig. 3 was carried out using a vacuum flashover
é&? switch operatea in the self-closing mode. The difficulties in
fﬁ achieving the required timing for switchout with this configuration
wf suggest that command triggered operation is desirable.
?C ) V. CONCLUSION
gk‘ The PAWN inductive store generator has been successfully
e, tested at low power. The fuse opening switch provides a factor
3
:% = 30 in pulse compression.. The forthcoming higher power tests,
_?& using an improved fuse package and a triggered vacuum flashover
o
ot 15
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switch will determine the viability of this approach for the design
of high power generators.
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